A tetrakis-acridinyl peptide (TAP) cassette, consisting of a double-stranded region of alternating AT sequence bound to TAP and a single stranded overhanging sequence of continuous dA, was prepared by mixing TAP with d[A18(TA)51]. A TAP cassette could be applied to the fluorometric detection of hybridized DNA on the DNA chip, which was prepared by stamping a 45-meric DNA probe onto a gold-coated plastic chip using a high-precision spotter developed at RIKEN. Spots on the DNA chip were imaged by a CCD camera after hybridization with 65-meric target single-stranded DNAs carrying a continuous dA20 sequence (dA tail) on the DNA chip after treatment with a TAP cassette. Their fluorescence intensity on the DNA chip showed a good linear correlation with the concentration of the target DNAs in the range from 10 pM to 1 nM. Fluorescence of their spots derived from the TAP cassette remaining on the surface of the DNA chip through the dA tail of the hybridized target DNA. Furthermore, the TAP cassette could be successfully applied to the quantitative detection of complementary RNAs (cRNAs) prepared from rat brain with reverse transcription and in vitro transcription.
Introduction
A DNA chip is a powerful tool and is widely utilized in the field of genomic analysis and related areas. 1 A DNA chip can permit the simultaneous detection of many different genes, and its detection process consists of the following steps: the fabrication of a DNA chip by spotting a solution of probe DNAs of known sequence on a solid surface, such as a glass slide or a plastic plate; the incorporation of a signaling tag for the detection of target DNA; the hybridization of a fluorophore-modified DNA sample with probe DNA on the DNA chip; and the fluorometric imaging of the DNA chip after washing to remove any nonspecific DNA sample. Although the modification step is important in chip detection, this step is a tedious one with expensive reagents. In general, such a modification has been carried out by an enzymatic incorporation of Cy3 or Cy5 dye during the polymerase chain reaction (PCR). 1 No modification of the test DNA sample is possible on the DNA chip, and a sandwich technique for detection is widely used, which consists of a signal probe attached on the DNA chip through the target DNA. However, a signaling DNA probe is necessary for the modification by signaling part(s), even in this system. For this purpose, several kinds of signal probes carrying the signaling site, such as multi fluorophore-modified dendrimers 2 or gold nanoparticles, 3 have been reported. Under these circumstances, we have developed a "TAP cassette", which consists of tetrakis-acridinyl peptide (TAP, Fig.  1 ) 4 and partially self-complementary oligodeoxyribonucleotide (ODN), such as d[A18(AT)51]2.
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TAP could bind to a DNA duplex carrying a non-alternating AT sequence with high affinity, which dramatically increased its fluorescence. Therefore, the TAP cassette can be used as a signaling tag, where a single-stranded DNA region is the DNA probe sequence. Simple dA18 of the TAP cassette can utilize a poly (U) sequence, which can be transcribed and reverse-transcribed from the 3′-poly(A) in eukaryotic messenger RNA (mRNA). On the other hand, this TAP cassette can be used for the detection of the mRNA or complementary RNA (cRNA) hybridized with the DNA probe on the DNA chip. Figure 1 shows the concept of this method. After hybridization of target DNA carrying the poly(U) or poly(dT) sequence with a DNA probe on the DNA chip, the TAP cassettes can bind to its sequence, where its longer poly(U) or poly(dT) will lead to improve its sensitivity. In a previous paper, we described our fundamental study on DNA detection using this TAP cassette coupled with the titer plate system. This paper describes the first application of the concept for the analysis of DNA hybridization on a DNA chip based on the TAP cassette. On a DNA chip, the fluorescent detection of target ODN based on the TAP cassette and the analysis of the relationship between the target concentration and fluorescence intensity were achieved. With the same protocol, cRNAs prepared from mRNA of rat brain were tested as a target material, and their quantitative detection could also be successfully achieved.
Experimental

Materials
Synthetic ODN d[A18(AT)51] was obtained from Genet (Fukuoka, Japan). Other ODNs were obtained from Nippon EGT (Toyama, Japan). The synthesis of TAP and the preparation of the TAP cassette were performed according to a previous paper. 4 Sixteen rat genes expressed in the developing cerebellum and six negative control genes from Arabidopsis thaliana and human were selected as model probe genes. The gene-specific 45-mer ODNs as the chip probes were designed using Oligo 6.0 primer analysis software (Molecular Biology Insights, Eugene, OR, USA) with a GC content of 56 -67% and minimal dimer formation probabilities. The accession number, origin, and the sequences of the ODNs used in this study are listed in Table 1 . They are connected with the synaptogenesis in the developing rat. 6 DNA probes with attached 5′-terminal linker (DNattach TM , Nisshinbo, Tokyo, Japan) were synthesized. An adhesive (dT)20 sequence was introduced into the 3′-terminus of the 45-mer target ODNs carrying a complementary sequence for the probe DNAs. Mouse Cot-1 DNA and yeast transfer ribonucleic acids (tRNAs) were products of Invitrogen Life Technologies (Carlsbad, CA, USA). Saline sodium citrate buffer (SSC) was prepared according to a standard protocol. 7 The composition for 20 × SSC is 300 mM sodium citrate and 3 M sodium chloride. All of the reagents used were of the highest grade available.
Fabrication of DNA chips
To manufacture the gold-coated chip, a Cr adhesion layer of 50 nm thickness was first deposited onto a non-coated plastic chip (20 mm × 20 mm) at a speed of 0.08 nm s -1 by vacuum vapor deposition, followed by a Au layer of 500 nm thickness deposited at a speed of 0.5 nm s -1 . Probe ODNs were diluted to 180 μM in the stamping solution (ArrayIt TM Micro Spotting Solution, TeleChem International, Inc., Sunnyvale, CA, USA) containing 0.1% Tween 20, and stamped onto the gold-coated chip using the high-precision spotter developed at RIKEN. 8 After stamping, probe ODNs were finally linked to the chip surface by UV irradiation at 999 mJ cm -2 . The completed chip was assembled into a house-made plastic chamber for hybridization.
Preparation of ODN target
The ODNs listed in Table 1 were dissolved into 3.4 × SSC (51 mM sodium citrate, 510 mM sodium chloride) and used for a hybridization assay: MNK1 (10 nM), syt5 (1 nM), Rph3a (100 pM), and Cebpd (10 pM). 6 Preparation of cRNA target The total RNA was extracted from cerebral cortices of 3-week-old rats using TRIzol Reagent (Invitrogen Life Technologies, Carlsbad, CA, USA), from which mRNA was purified using TaKaRa oligotex-dT30 <Super> mRNA Purification Kit (TaKaRa Bio Inc., Shiga, Japan). The purified mRNA was reverse-transcribed with an oligo-dT primer containing the promoter sequence for T7 RNA polymerase 9 and a dT15 sequence and amplified using an RNA Transcript SureLABEL TM Core Kit (TaKaRa Bio Inc.) and fragmented using RNA Fragmentation Reagents (Ambion Diagnostics, Austin, TX, USA). (The concentrations of each cRNA in the sample were unknown). The hybridization solution was 3.4 × SSC (51 mM sodium citrate, 510 mM sodium chloride) containing 0.02 mg mL -1 mouse Cot-1 DNA and 0.3 mg mL -1 yeast tRNA.
First hybridization
The hybridization mixture containing ODNs (10 nM MNK1, 1 nM syt5, 100 pM Rph3a, and 10 pM Cebpd) or fragmented cRNA was heated at 95˚C for 2 min, clarified by centrifugation, and injected into the plastic chamber in which the chip was installed. The whole assembly was incubated at 55˚C for 16 h in a humid chamber. After the first hybridization with ODN targets, chips were washed by flowing the following solutions into the chamber in the following order: 5 mL of 2 × SSC at room temperature (RT), 1 mL of 1 × SSC at RT, 1 mL of 0.1 × SSC at RT, and 1 × SSC at 40˚C. In the case of cRNA target, chips were washed with 5 mL of 1 × SSC at RT, 1 mL of 2 × SSC at RT, and 1 mL of 0.1 × SSC at 40˚C.
Second hybridization
After the first hybridization and wash out, TAP cassette solution (1.6 μM TAP and 0.25 μM cassette ODN in 2 × SSC) was injected into the chip chamber and incubated at RT for 3 h. Unbound TAP cassette was washed out extensively by flowing 5 mL of 1 × SSC and 1 mL of 0.1 × SSC at RT. 
Image acquisition
An inverted microscope (IX70, Olympus, Tokyo, Japan) was equipped with a cooled CCD camera (UIC-DV887DCSUVB, Andor Technology, Northern Ireland) and interference filters (U-MCFPHQ, Olympus) for excitation (425 -445 nm) and emission (460 -510 nm). Software for data collection was provided by Meta Morph version 6.2r2 (Molecular Devices; Sunnyvale, CA, USA). Images were quantified with ImaGene 5.5 (Biodiscovery, Los Angeles, CA, USA) using a local background correction (GeneSight 3.5.2; Biodiscovery). Sixteen spots (4 × 4) were acquired as one shot for imaging with 10 s exposure and 100-times gain. From the acquired images, the fluorescence intensities of each spot were quantified with ImaGene 5.5. After that, the average fluorescence intensity was obtained from the intensities of spots corresponding to those with the same concentration and sequence, and the background intensity was subtracted from the average. Some of the data from the spots that represent the contamination of dust, bubble, and other noises were omitted from the calculation.
Results and Discussion
ODN hybridization
As the first step to realize the system as shown in Fig. 1 , we studied the hybridization detection of target ODNs by using the TAP cassette on a DNA chip. In this case, since the TAP cassette has a dA18 and ODNs have one dT20, one molecule of the TAP cassette can bind to one target ODN attached on the DNA chip. By using this TAP cassette, we tried to detect 11 kinds of target ODNs that partially code for the genes expressed in rat brain: Rim1, MNK1, Trip10, HCN1, syt5, Ngef, Arpc34, Rph3a, Grm1, Cebpd, and Ppp3r1. Probe ODNs, which consist of 65-mer nucleotides, whose sequences were the same as those within the 3′-terminal 200 nucleotides, were spotted on the chip, on which target ODNs were hybridized, followed by hybridization of the TAP cassette. Figure 2 shows an example of the fluorescence imaging of the hybridization. Spotted ODNs corresponded to human ABO, MNK1, syt5, Rph3a, Cebpd (from left to right). For each spot, an aqueous solution containing target ODNs was added and washed, and fluorescence imaging with the TAP cassette was carried out. A spot corresponding to human ABO as a negative control showed a fluorescence intensity of 55, whereas more than that of 191 was observed for the spots of rat genes. Since the fluorescence intensity increased with an increase of the ODN concentration in the range from 1 pM to 10 nM, a good relationship between the amount of the gene expressed and the fluorescence intensity may exist.
In order to estimate the dynamic range of the fluorescence detection, we measured the dependency of the fluorescence intensity on the target concentration. Firstly, the average values of 4 spots were calculated, corresponding to the same gene and the same concentration of the target ODNs. We obtained 12 values of 10 nM (Rim1, MNK1, Trip10), 1 nM (HCN1, syt5, Ngef), 100 pM (Arpc34, Rph3a), and 10 pM (Grm1, Cebpd, Ppp3r1). Secondly, the average values were obtained for each concentration (we obtained 4 values). For example, when we calculated the fluorescence intensity corresponding to 10 nM, for each gene (Rim1, MNK1, and Trip10), 4 spots were sampled, their fluorescence intensities were measured, and the average fluorescence intensity was calculated. Figure 3 shows the result. The target DNA was detectable in the concentration range from 10 nM to 10 pM.
cRNA hybridization
A mRNA mixture was isolated and purified from rat brain, and cRNA mixture was then prepared with reverse-transcription and in vitro transcription. The cRNA mixture was hybridized with probe ODN on the DNA chip, and the TAP cassette was hybridized. Fluorescence was observed at the spot where the Fig. 2 Fluorescence imaging of DNA hybridization on a DNA chip. Probe ODN solution was stamped on the gold-coated chip using a spotter. Various concentrations (10 pM -10 nM) of target ODN were hybridized with them, followed by the second hybridization with the TAP cassette. After the chip was washed with buffer, fluorescence imaging of the hybridized spots was carried out.
TAP cassette was hybridized, as shown in Fig. 4 . Three spots corresponding to MNK1, syt5, and Rph3a showed the fluorescence intensity of 190, 235, and 173, respectively, while the fluorescence intensity was 83 for the spots of human ABO as a negative control. Thus, the existence of the target sequence was detected by comparison with the negative controls.
Conclusions
The principle of target gene detection by the unique TAP cassette was basically verified. However, the fluorescence intensity with target RNA in this system was not enough compared with that of the DNA chip system using Cy3 or Cy5 dye. Thus, an enhancement of the fluorescence intensity from the TAP cassette is needed for further development towards more sensitive quantification measurements of gene expression. We are now trying to improve this system by using the lengthened A tail of target RNA, expecting the improved fluorescence intensity by the increased amount of the bound TAP cassette per one target RNA. 4 Fluorescence imaging of cRNA-DNA hybridization on a DNA chip. A probe ODN solution was stamped on the gold-coated chip using a spotter. Fragmented cRNAs prepared from rat brain were hybridized with them, followed by the second hybridization with the TAP cassette. After washing the chip with buffer, fluorescence imaging of the hybridized spots was carried out.
